ORIGINAL ARTICLE neuromuscular diseases and a full population-based survey of these disorders. In this region, all patients with ALS are followed at the Neuromuscular Clinic (NMC) since it was created in 1981.
The objectives of the study are 1) to analyze the ALS clinical characteristics of the SLSJ population, 2) to determine the incidence rate over time by five year periods since 1985 and, 3) to validate the Neuromuscular Registry.
METHODS

Structure of health services in SLSJ region.
The SLSJ region is a well defined and relatively isolated territory of 98 768 km 2 in the north-eastern part of the Province of Quebec, Canada. This region has grown to a current population of 273,264 at the 2009 census (Institut de la Statistique du Québec). The Health and Social Services network of the SLSJ region includes seven public hospitals including a regional reference university hospital located at Saguenay (CSSS de Chicoutimi) . This network provides the whole range of general and specialized services aimed at the SLSJ population: prevention, evaluation, diagnosis, treatment, rehabilitation, support, and residential care services. Rehabilitation services for all the region are coordinated by the Regional Rehabilitation Center located in Jonquière where the NMC is established. over the last 30 years, the whole range of specialized services for patients with neuromuscular disorders were provided in this region by the NMC. All the individuals affected by ALS and living in the SLSJ region are registered at the NMC and followed on a three month basis, therefore limiting missing data and loss to follow-up.
The Neuromuscular Registry
demographic and clinical data of all patients with neuromuscular disorders, including ALS patients, are stored on a confidential computer database maintained at the NMC since 1983. The definitions and collection procedures of the registry have not changed since its implementation. All patients who attended our ALS outpatient clinic in the period between 1985 and 2009 were included. All patients retrospectively met the revised El Escorial criteria for probable or definite ALS at the time of onset or within the observation period 15 . Patients with possible or suspected ALS were excluded from the analysis. For the present study, the data extracted from the registry included date of birth, gender, date of diagnosis, clinical pattern at the onset of symptoms and date of death.
Validation of the Neuromuscular Registry
Completeness of the Neuromuscular Registry was validated by a revision of the medical records maintained at the Centre de Santé et des Services Sociaux (CSSS) of Chicoutimi, the regional university hospital. Charts with a final diagnosis of ALS or motor neuron disease from 1985 to 2009 were reviewed.
With the support of the Agence de la Santé et des Services Sociaux (ASSS) of SLSJ, we used the Quebec Hospital inpatient database (MEd-ECHo) to estimate the number of hospitalizations of patients with a diagnosis of ALS or motor neuron disease and the trend in incidence of ALS for the period 1990 to 2009. The MEd-ECHo database can be used to estimate inhospital length of stay and number of hospitalizations both accurately and reliably 16 .
Statistical analysis
T-test or Mann-Whitney U tests were used to compare the mean or median age at onset or delay between the age at onset and the age at diagnosis between gender, age groups or periods of observation. Chi-square tests were used to compare distribution of clinical pattern at onset between gender, periods of observation and survival periods. The Kruskal-Wallis test was used to analyse median survival among age groups. The Spearman correlation coefficient (r s ) was used to study the relation between the delay before age at onset and the age at diagnosis and the survival duration. SLSJ population numbers over the 25-year interval 1985-2009 were abstracted from the Statistics Canada censuses. based on date of ALS diagnosis, yearly incident cases were used to calculate crude and agespecific incidence rates per 100,000 person-years. The 95% confidence intervals (CI) for incidence rates were calculated using the normal approximation. To study changes in incidence of ALS over time, we considered five time periods: 1985-1989,1990-1994, 1995-1999, 2000-2004 and 2005-2009 . A Pvalue less than 0.05 was considered significant. Statistical analyses were performed using the SPSS statistical software package [IbM SPSS Statistics, version19, 2010].
RESULTS
Patients
A total of 109 patients with ALS were included in the present study, 97 (89%) of them were registered in the Neuromuscular Registry. Twelve (12) additional patients with El Escorial criteria for probable or definite ALS were identified during the revision of the medical records at the CSSS de Chicoutimi. These 12 cases were distributed equally over the 25-year period of observation and most of them were diagnosed late in the course of the disease and died before referral to the NMC. Among the 109 patients, 54 (49.5%) were male and 55 females.
Age at onset
The age of onset was found in 96 (88%) records (49 men, 47 women). The mean age at onset was 62.8 ± 12.86 years. Women were significantly older at onset (65.6 ± 12.1 years) than men (59.8 ±13.0 years) (p=0.026).
Delay between age at onset and age at diagnosis
The age at diagnosis of ALS was known for 103 patients. The delay between age at onset and age at diagnosis was found in 94 (86%) records (47 men, 47 women). The median delay was 6.97 months (range 0 to 114.9). The delay was similar between men and women; it was 6.3 months for men and 7.5 for women (p=0.098).
Clinical patterns at onset
data about symptoms at onset were found in 102 (94%) cases. The two most frequent patterns at onset were: limb-onset in 59 (58%) patients and bulbar symptoms in 34 (33%). other presentations were: mixed symptoms in five patients and upper motor neuron onset in four patients. The clinical pattern was similar between men and women (p=0.56).
Regarding diseases that may be associated with the diagnosis of ALS, some diseases were found more frequently in our data. of the 109 patients included in the study, we found 31 cases of hypertension (28.4%), 9 cases of hypothyroidism (8.3%), 27 cases of hypercholesterolemia (24.8%) and 11 cases of depression or anxiety (10.1%). Among these 109 patients, only one patient had a possible familial ALS with a suspected affected sister living outside the region.
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Survival time from onset of symptoms
Analyses of the survival time from the onset of symptoms were made for 87 (40 men, 47 women) of the 109 cases. The median survival time for the entire group was 2.1 years with a range from 0.4 to 21.9 years. Median survival time was similar for both genders: 2.3 years (range 0.4 to 15.0) for men and 2.1 years (range 0.4 to 21.9) for women (p = 0.855).
An analysis of the duration of survival performed in three (3) age groups shows a significant decrease in survival time with age: 25 to 44 years group (n = 8), median survival of 3.8 years (range 1.5 to 15.0), 45 to 64 years group (n = 37), median survival of 2.7 years (range 0.8 to 21.9) and ≥ 65 years group (n = 42), median survival of 1.7 years (range 0.4 to 13.0) (p = 0.001).
The survival time from the onset of symptoms was evaluated according to the initial presentation of the disease (limb onset
We examined whether the time between onset of symptoms and diagnosis is a prognostic factor for survival time. We observed a significant correlation (r s = 0.383, p <0.0001) between a shorter time between the first symptoms and diagnosis and a decreased survival time.
Incidence rates per five year periods from 1985 to 2009
date of diagnosis was known for 107 patients and incidence rates of ALS in the SLSJ region were calculated by five year periods between 1985 and 2009. For the first 20 years of observation, the incidence rates were stable and ranged from 0.91 to 1.37 new cases per 100,000 people per year. For the 2005 to 2009 period, we observed a significant increase in the incidence rate to 3.01 new cases per 100,000 people per year (Table 1) .
Incidence rates according to age groups and gender
by dividing the cohort into three (3) age groups at diagnosis (25-44 years, 45-64 years and ≥ 65 years), we found a statistically significant increase in incidence rates with increasing age. In the 25-44 years group (n=11), the incidence rate was 0.51 (CI 0.21-0.82); in the 45-64 years group (n=40), the incidence was 2.39 (CI 1.65-3.12) and, in the ≥ 65 years group (n=52), the incidence was 6.84 (CI 4.98-8.70).
There were no significant difference in incidence rate between men and women. In the men group (n=54), the incidence rate was 1.54 (CI 1.13-1.95) and, in the women group (n=49), the incidence was 1.38 (CI 1.00-1.77).
Comparisons between 1985-2004 and 2005-2009 periods
In order to understand the increased incidence of ALS during the 2005-2009 period, we regrouped patients in two time periods (1985-2004 and 2005-2009 ) to proceed to comparisons between these two groups according to age at onset, age at death, survival time, clinical patterns at onset and incidence rate by age groups.
The mean age of onset was significantly higher in patients in To calculate the age-specific incidence rates according to time periods 1985-2004 and 2005-2009 , data on date of diagnosis and age at diagnosis were known for 101 patients. The incidence rates by age groups showed a significant increase for the period 2005-2009 in the elderly (≥ 65 years), while the incidence rates remained stable for the other age groups between these two periods ( Table 2) . 
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Comparison with the MED-ECHO database
DISCUSSION
overall, the clinical features of ALS and the survival time observed in SLSJ population are similar to those described in the literature 17, 18 . our study shows a significant increase in the incidence rate in ALS in SLSJ region for the 2004-2009 period. This conclusion is supported by the increased number of hospitalizations of ALS patients recorded by the MEd-ECHo database during the same time period. Increased incidence rate or mortality by ALS has already been described in other epidemiological studies published in the last decade. other countries in which variation in incidence or mortality have been observed are Italy, Japan, New Zealand, Norway, Sweden and United States [7] [8] [9] [10] [11] 13 . The phenomenon exposed in these studies is however more gradual over 15 years and was seen before the 2000s.
In addition, our study shows that the increase in the incidence rate is observed only in subjects ≥65 years old, growing from 4.68 / 100 000 person-years between 1985-2004 to 12.22 / 100 000 person-years between [2005] [2006] [2007] [2008] [2009] . This increase in the elderly population was also observed in Norway 11 . Increase in incidence rate cannot be explained by aging population since age adjusted incidence rates take into account the age distribution of the population growth during each time period. Improved medical care and greater access to neurology in the elderly over time could result in improved ALS diagnosis in patients older than 65 years. on the other hand, the resources in both clinical neurology and electromyography remained stable in the SLSJ region over the entire study period, excluding a better recognition of cases by neurologists as a potential cause of this increase in incidence rate.
We looked at several other parameters to better describe the cohort of patients with ALS between 2005-2009. of these, clinical pattern at onset, sex ratio and length of survival do not seem to differ between the 1985-2004 period and the more recent period.
other assumptions have been made to explain the increased incidence rate in ALS. one of these is the increase in life expectancy with increased co-morbidity and thus susceptibility to get ALS. Co-morbidities observed in our patient's records do not seem abnormally prevalent considering the average age of our population (Statistics Canada). The reliability of these data may be questioned, given the variability of these nonneurological data in the records of the NMC. other risk factors for ALS are various environmental exposures including heavy metals or pesticide exposure, smoking, nutritional intake, physical activity, trauma and infectious agents 19, 20 . Since we did not have enough information about environmental exposure in the patient's records, we cannot conclude on environmental contribution in the development of ALS in our study population. Some studies have reported higher mortality rates among women than men 10, 11 , which could support an environmental hypothesis being in parallel with the entry of women in the workforce. our results do not reflect this trend since women in our study are affected at a later age than men (mean 65.6 years vs 59.8 years for men).
The SLSJ population is well known for its high prevalence of certain genetic disorders as a result of a founder effect 21 . However, only one patient in our cohort has a suspected familial ALS. Although there are recent descriptions of ALS caused by genetic mutations in surprisingly high proportions of sporadic ALS patients, at this point in time, a genetic factor does not seem to explain the increased incidence of ALS in SLSJ region.
We looked at the prognostic factors of this disease. We observed a significant decrease of survival among elderly persons, as described in the literature 22 . A long delay between the onset of symptoms and diagnosis turns out to be a good prognosis: this observation is also reported in Europe 22 . otherwise, an association between faster clinical progression and a bulbar onset has not been demonstrated in our study.
Finally, information obtained by the review of the medical records at the CSSS de Chicoutimi and data obtained from the MEd-ECHo database support the validity of the Neuromuscular Registry. only 12 (11%) cases unknown from the registry were found in the records at the CSSS de Chicoutimi. According to the structure of health services and the geographic characteristics of the SLSJ region, case ascertainment is expected to be very high in this region but cannot be confirmed as complete or near complete as a confirmed population-based data source was not validated against. This may be interpreted as a limitation of this study. However, the Neuromuscular Registry should be maintained for epidemiological monitoring of neuromuscular diseases.
CONCLUSION
Given the small size of the SLSJ population, a longer observation period will be needed to confirm a new steady state incidence of ALS in this region. The Neuromuscular Registry is a valid tool for epidemiological monitoring of neuromuscular diseases.
